Bagaza virus (BAGV), a flavivirus synonymous with Israel turkey meningoencephalitis virus, has been found to circulate in India. BAGV has recently been held responsible for inducing febrile illness in humans and causing unusually high mortality to wild birds in Spain. A study was therefore, undertaken to determine its replication kinetics in certain mosquitoes and to determine vector competence and potential of the mosquitoes to transmit BAGV experimentally.
Bagaza virus (BAGV), an arbovirus belonging to Flaviviridae family has been found to circulate in India as evidenced by the presence of antibodies in human serum and virus isolation from mosquitoes 1 . BAGV, first isolated from Culex mosquitoes in Bagaza district of Central African Republic during virological investigations in 1966 2 , has been isolated repeatedly from Culicine mosquitoes from West African countries [3] [4] [5] . However, no outbreak involving humans or domestic animals due to the virus has been reported . Recently, BAGV has been held responsible for unusually high mortality of wild birds (Partridges and pheasants) in Spain indicating its potential to cause death in birds 7 . In India, the virus was isolated from Culex tritaeniorhynchus mosquitoes during investigation of an outbreak of Japanese encephalitis virus (JEV) in Kerala in 1996
1 . Subsequent serological investigations demonstrated the presence of BAGV antibodies in human serum (15%) demonstrating its potential to cause subclinical infection in humans. A preliminary study was, therefore, initiated to determine the replication kinetics of the virus in certain widely prevalent mosquitoes as well as to study their potential to transmit the virus to laboratory mice, and to next generation through the ovary (transovarial transmission).
Material & Methods
the study was carried out at the Microbial Containment Complex, National Institute of Virology (NIV), Pune, India. the original isolate of BAGV (BAG96363), isolated from a pool of Cx. tritaeniorhynchus mosquitoes in 1996 was used in the study 1 . the isolate has undergone six passages in Baby hamster kidney (BHK-21) cell line before the commencement of the study. Virus stock was prepared in BHK-21 cell line, titrated, aliquoted and used for different experiments. BHK-21 cell line was maintained in minimum essential medium (MEM) supplemented with 10 per cent foetal bovine serum (FBS) and was passaged at every 3-4 days. Both MEM and FBS were procured from Invitrogen, uSA.
Cx. tritaeniorhynchus, Cx. quinquefasciatus and Aedes aegypti mosquitoes were procured from the NIV insectary maintained at 28±2°C with 80±5 per cent relative humidity and 12:12 h light:dark cycle. Mosquito larvae were fed on a mixture of yeast powder and dog biscuit (3:1 w/w) while adults were maintained on a diet of 10 per cent glucose. For egg laying, female mosquitoes were provided 5-6 wk old fowls for blood meal on alternate days.
Growth kinetics of BAGV in mosquitoes:
Growth kinetic study of BAGV in mosquitoes was carried out in 3-4 day old female mosquitoes which were maintained on 10 per cent glucose. the mosquitoes were immobilized by keeping them in ice for 5-10 min and inoculated intrathoracically (It) with 100 plaque forming units (pfu) of BAGV inside a BSL-2 laboratory as described by Rosen and Gubler 8 . the inoculated mosquitoes were secured in plastic mosquito holding jars, allowed to revive at room temperature and transferred to double walled mosquito cages and incubated at 28±2 o C with 70-80 per cent humidity. Five mosquitoes were harvested daily from 1 st to 14 th day post-infection (PI) and stored at -80 o C. After completion of the experiment, mosquitoes of each day PI (n=5) were triturated in 1 ml MEM containing 2 per cent FBS using chilled mortar and pestle. the mosquito suspension was centrifuged; Millipore filtered (pore size=0.22 µm), diluted serially (ten-fold) and titrated in BHK-21 cells in quadruplicate. the cultures were observed daily, readings (cells with cytopathic effects) were scored, stained with amido black and virus titre of each day PI was determined as described by Reed and Muench 9 . the experiment was carried out in duplicate for each species.
Experimental transmission of BAGV in Cx. tritaeniorhynchus mosquitoes:
Mosquitoes were infected It with BAGV and saliva from infected mosquitoes (n=10) was extracted every day PI artificially as described by van den Hurk et al 10 with slight modifications. In brief, the proboscis of infected mosquitoes was placed in a capillary tube containing MEM supplemented with 2 per cent FBS for 30 min. the contents of the capillary tube was transferred to 1ml chilled MEM; Millipore filtered (0.22 µm) and titrated in BHK-21 cell line, and the presence of virus in saliva was determined as described above.
BAGV inoculated (It), seven day old mosquitoes (n=50 each) were allowed to feed on 2-day old Swiss albino mice (n=8 per group) overnight for Culex and during day time for Aedes mosquitoes and observed for the development of sickness. After feeding, the mosquitoes were frozen immediately and titrated in BHK-21 cell line to determine virus titre. Brains of inoculated mice were harvested and titrated in BHK-21 cell line irrespective of whether the mice showed sickness or not after 96 h PI. Animal experiments were conducted after obtaining approval from the Institutional Animal Ethics Committee.
Transovarial transmission (TOT) of BAGV in mosquitoes:
BAGV infected seven day old mosquitoes (It inoculated, n=50) were fed on two day old infant mice (Swiss albino) allowed to lay eggs and hatch in the laboratory. the mosquitoes after oviposition were stored and 20 mosquitoes of each species were titrated to determine the virus titre. A portion of eggs (~400-500 in no.) and adults (n=100) were titrated in BHK-21 cell line to determine the presence of BAGV in eggs and adults of F 1 generation (first generation, i.e. the eggs and adults developed from the adults subsequent to the experiment).
Results & Discussion
BAGV, a flavivirus in the family Flaviviridae has gained importance recently due to its ability to cause febrile illness in humans and high mortality in birds 7, 11 . the virus has been identified as an emerging and re-emerging pathogen with a potential to cause infections in humans 11 . Presence of BAGV antibodies in human serum collected from Kerala, India in 1996 demonstrated the potential of the virus to cause subclinical infection in man 1 . the virus has been isolated from Cx. univittatus, Cx. thalassius, Cx. perfuscus, Cx. guiarti, Cx. ingrami in Africa and from Cx. tritaeniorhynchus in India demonstrating its potential 1, 3, 12 .
BAGV replication kinetics in mosquitoes:
Growth kinetics of BAGV in the three mosquito species was found almost identical except for the initial growth phase. though all mosquitoes were inoculated with the same concentration of virus, virus titre obtained in the three mosquito species at 24 h PI varied. In Cx. tritaeniorhynchus, BAGV growth kinetics was peculiar as a sharp increase in virus titre was observed from day 1 to day 3 PI without having a lag phase. the maximum virus yield was 5 log 10 tCID 50 /ml obtained on days 3 and 4 PI. titre decreased to 4 log 10 (tissue culture infectivity dose 50%) tCID 50 /ml on day 5 PI but the same titre was maintained for 14 days PI (Figure) . A second cycle of virus replication was observed from day 12 PI showing a logarithmic increase in virus titre on subsequent days. However, further results are not available as the study was terminated on day 14 PI in both the replicates.
Cx quinquefasciatus also replicated BAGV and maintained the virus at a substantially high titre (~4log 10 ) for 14 days. Virus replication could not be observed in the mosquito during the first 24 h PI, but commencement of cytopathic effect (CPE) was observed at 48 h PI. Virus titre increased gradually, reached a peak (4 log 10 tCID 50 /ml) on day 4 PI and maintained the same titre throughout the period of study (Figure) .
In Ae. aegypti, the replication kinetics of BAGV differed from the Culex mosquitoes. Virus could not be detected at 24 h; however, a sharp increase in virus titre was detected on subsequent days PI. A maximum titre of 4.7 log 10 tCID 50 /ml was detected on day 3 PI which decreased gradually to 4 log 10 tCID 50 /ml on day 5. the mosquitoes maintained the titre for rest of the study period (Figure) .
BAGV transmission potential of different mosquitoes to infant mice:
Extraction of saliva from mosquitoes was standardized during the study. Saliva in the form of a small bubble could be seen under a binocular microscope after exerting gentle pressure on the thorax. However, the proboscis was inserted in a sterile capillary tube containing MEM supplemented with 2 per cent FBS for 30 min for extracting saliva. Presence of virus in saliva is indicative of the potential of mosquitoes to transmit virus to susceptible hosts. Both Ae. aegypti and Cx. tritaeniorhynchus mosquito saliva had high virus content (approx 2log 10 tCID 50 /ml) on day 5 PI while a lower level was detected in the saliva of Cx. quinquefasciatus (<2 log 10 tCID 50 /ml). BAGV infected Cx. tritaeniorhynchus mosquitoes (day 7 PI) induced sickness in two day old infant mice. Acute sickness in mice was observed on day 4 of post feeding and the brains had a titre of 4 log 10 tCID 50 /ml. However, BAGV infected Cx. quinquefasciatus and Ae. aegypti mosquitoes did not induce sickness in mice.
Transovarial transmission (TOT) of BAGV in Cx.
tritaeniorhynchus, Cx. quinquefasciatus and Ae. aegypti mosquitoes: BAGV was detected in F 1 generation eggs and adults of Cx. tritaeniorhynchus mosquitoes with 2 log 10 and 4 log 10 tCID 50 /ml virus titres, respectively. the parent female mosquitoes (F 0 ) had a titre of 4.3 log 10 tCID 50 /ml after oviposition. F 1 generation adult mosquitoes induced sickness in mice and the mice brain had a titre of approximately 4 log 10 tCID 50 /ml demonstrating tOt by the mosquito. tOt could not be demonstrated by either Cx. quinquefasciatus or Ae. aegypti mosquitoes. the parent females in both the species had a titre of about 4 log 10 tCID 50 /ml at the time of oviposition. However, virus could not be detected either in the eggs or in adults of F 1 generation of both the mosquitoes (table).
In the present study, the three mosquito species not only replicated BAGV yielding high virus titre but also disseminated the virus to salivary glands and saliva. the virus titre was found to be maintained in all the mosquitoes at higher levels throughout the study period demonstrating their potential to transmit the virus for a substantially longer period of time. Cx. tritaeniorhynchus mosquito, the universal vector of JEV, from which BAGV was isolated in India not only replicated the virus to very high titres but also demonstrated tOt and experimental transmission to infant mice. the mosquito is one of the predominant mosquitoes in India and might be involved in causing an outbreak of BAGV in future 13 . BAGV was replicated not only by the two Culex species, but also by Ae. aegypti. BAGV has not been isolated from any Aedes species so far. In this study Ae. aegypti replicated the virus to levels comparable to that of the two Culex mosquitoes. Saliva of infected mosquitoes also showed presence of BAGV from day 5 PI onwards. However, the mosquitoes failed to transmit the virus to infant mice experimentally probably due to the low titre of virus in saliva. tOt also could not be demonstrated by the mosquitoes as virus could not be detected either in eggs or adults of the F 1 generation. the ability to replicate BAGV by Ae aegypti mosquitoes is an important observation as BAGV has not been isolated from the mosquito so far. though we could not demonstrate experimental transmission, any genetic change/mutation in future may make the mosquitoes a potent vector. It is also noted that these mosquitoes are highly anthropophilic and found in close proximity to humans 14 . It is well documented that Ae. aegypti is the principal vector for both dengue and chikungunya in India and both the diseases have been reported from almost every part of the subcontinent 15 . C6/36 cell line, a clonal isolate of Ae albopictus 10 tCID 50 /ml at 108 h PI in comparison to 6 log 10 and 5 log 10 tCID 50 /ml in BHK-21 and Vero CCL81, respectively (Sudeep unpublished data).
the data presented here were part of a study to understand the role of BAGV in JEV epidemiology in India since both the viruses belong to the same family and are transmitted by the same vector. It was, therefore, felt necessary to understand whether prior infection of the vector mosquitoes with BAGV reduced/inhibited JEV replication. However, looking at the present status of BAGV, it is clear that BAGV has its own potential to cause infection in man and animals. the ability of the virus to replicate in different mosquito species, its potential to cause infection in man and mortality in birds make BAGV an important emerging/re-emerging virus of public health importance.
